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Background: Most mutations in the reverse transcriptase (RT) gene of the hepatitis B virus 
(HBV) are related to resistance to antiviral agents. Cross-sectional studies on the mutations 
of this gene are rare. Thus, we analyzed the mutation patterns of RT genes and their bio- 
chemical parameters. 

Methods: From 2009 to 2012, 301 blood specimens from patients with chronic hepatitis 
B at Daegu Catholic University Medical Center were retrospectively analyzed for the RT 
gene sequence of HBV, ALT, hepatitis B e antigen (HBeAg), and HBV DNA. The mutation 
patterns of the RT gene were compared with the biochemical parameters. 

Results: Of the 301 patients, 100 (33.2%) had no RT gene mutations. The remaining 
showed the following mutation patterns: rtM204l/V (50.2%), rtL180M (39.2%), and 
rtA181T/V (19.6%). Combined mutations were found in 146 cases (48.5%). Of these, the 
combination of amino acid changes at rtl80+rt204 (49.3%) was most frequently detected, 
followed by rtl81+rt236 (11.0%) and rtl73+rtl80+rt204 (9.6%). In the mutated group, 
HBV DNA and HBeAg positive rates were significantly higher (P<0.05 for both). Pheno- 
typic analysis showed that lamivudine resistance was most frequently detected (34.6%), 
followed by adefovir resistance (15.6%). Multidrug resistance was detected in 48 cases 
(15.9%). The adefovir-resistant group had a higher proportion of cases with HBV loads 
greater than 2,000 I U/mL 

Conclusions: We found correlations between the mutation status of the RT domain and 
biochemical parameters such as HBV DNA and HBeAg positive rate. The presence of RT 
gene mutations could therefore be utilized to predict clinical status. 
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INTRODUCTION 

The average prevalence of hepatitis B surface antigen (HBsAg) 
in Korea was 3.2% in 2009 [1], making it an intermediate en- 
demic area. In high endemic countries, the hepatitis B virus 
(HBV) carrier rate is over 8%, while in low endemic countries, 
the rate is less than 2% [21 

Mutations in the reverse transcriptase (RT) gene of HBV are 
closely correlated with resistance to antiviral drugs [3-5]. The in- 
cidence, clinical outcome, and biological significance of these 



mutants have been studied extensively. However, there have 
been only a few recent reports about HBV RT mutants in un- 
treated patients. Huang et al. [6] reported a 26.9% tyrosine, 
methionine, aspartate, aspartate (YMDD) mutation rate from 
104 cases who had not received lamivudine or any other antivi- 
ral drugs within the last one year. Zhao et al. [7] reported the 
rate of natural YMDD mutations in Western China as 15.56% 
from 270 antiviral non-treated (treatment naive) chronic hepati- 
tis B patients. Moreover, Tan et al. [8] found natural YMDD mu- 
tations in 23.3% of 1,042 patients recruited from six centers in 
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China. They posited that the natural existence of YMDD mutant 
strains was associated with a larger HBV load in chronic hepati- 
tis B patients. However, their report did not rule out the possibil- 
ity of mutant virus infection from other sources, such as trans- 
mission from a carrier having a mutant HBV to treatment naive 
chronic hepatitis B patients. Generally, YMDD mutant viruses 
disappear in a few months after lamivudine withdrawal [9]. 
However, during lamivudine therapy, patients' continued social 
activity could be a possible source of HBV infection. Chronic 
hepatitis B patients infected with HBV mutants usually have the 
hepatitis B e antigen (HBeAg), and live among others without 
isolation in Korea. 

Thus, it is necessary to know the prevalence of mutant HBV 
in the hospital-based survey. Most of the studies about RT gene 
mutations were longitudinal studies carried out after treatment 
with antiviral medications [10-12]. We investigated the cross- 
sectional mutation rates and patterns of the HBV at a university 
hospital, then compared them with biochemical parameters. 

METHODS 

1. Sample collection and sequencing of the reverse 
transcriptase gene 

From 2009 to 2012, 301 specimens obtained from chronic 
hepatitis B patients who had been diagnosed and received anti- 
viral agents at the Daegu Catholic University Medical Center 
(DCUMC) were sent to Seoul Clinical Laboratory (SCL) (Seoul, 
Korea) for sequencing of the RT gene of HBV. Chronic hepatitis 
B was diagnosed as per the guidelines of the Korean Associa- 
tion of the Study of the Liver [13]. In the SCL, the RT gene from 
rtl69 to rt250 was directly sequenced by using the ABI 3130 
genetic analyzer (Applied Biosystems, Foster City, CA, USA). 

2. Biochemical parameters 

The biochemical parameters of ALT, HBeAg, and HBV DNA 
concentration were analyzed in the laboratory department of 
DCUMC. The levels of ALT and HBeAg were measured using 
Roche modular analytics (Roche Diagnostics, Mannheim, Ger- 
many), and the concentration of HBV DNA was measured using 
the COBAS AmpliPrep/COBAS TaqMan system (Roche Diag- 
nostics). For the point of mutation analysis, three-months-later 
ALT values, HBeAg, and DNA results were used for the data 
analysis. ALT values <40 IU/L were considered normal. HBV 
DNA concentrations were measured quantitatively, and we used 
the percentage of higher DNA concentration (> 2,000 lU/mL) 
for comparison of the selected groups. The mutation patterns 



were analyzed and compared with the results of the biochemi- 
cal parameters. 

3. Statistics 

Chi square test using IBM SPSS 19.0 (SPSS Inc., Chicago, IL, 
USA) was used to compare the positive rates between the se- 
lected groups. 

RESULTS 

1. Mutation patterns of the hepatitis B virus reverse 
transcriptase gene 

The amino acid changes of the RT gene from 301 specimens 
are described in Table 1. The rtM204l/V mutation (50.2%) was 
most frequently detected, followed by rtL180M (39.2%) and 
rtA181V/T (19.6%) mutations. No mutation was observed in 
33.2% of the specimens. The presence of combined mutations 
was found in 146 cases (48.5%), and the frequency of corn- 



Table 1. Mutation patterns of hepatitis B virus reverse transcriptase 
(RT) gene 



Mutation 


Associated drug 


Number 


Percentage 


No mutation 


None 


100 


33.2 


rtll69T 


Entecavir 


1 


0.3 


rtV173L 


Lamivudine 


20 


6.6 


rtL180M 


Lamivudine 


118 


39.2 


rtA181V 


Adefovir 


21 


7.0 


rtA181T 


Adefovir 


38 


12.6 


rtT184G 


Entecavir 


0 


0.0 


rtT184S 


Entecavir 


2 


0.7 


rtT184A 


Entecavir 


4 


1.3 


rtT184l 


Entecavir 


10 


3.3 


rtT184L 


Entecavir 


7 


2.3 


rtT184F 


Entecavir 


1 


0.3 


rtS202l 


Entecavir 


0 


0.0 


rtS202G 


Entecavir 


17 


5.6 


rtM204l 


Lamivudine 


79 


26.3 


rtM204V 


Lamivudine 


72 


23.9 


rtM204S 


Lamivudine 


0 


0.0 


rtV207l 


Lamivudine 


0 


0.0 


rtB236T 


Adefovir 


25 


8.3 


rtP237H 


Adefovir 


4 


1.3 


rtB238T 


Adefovir 


2 


0.7 


rtB238D 


Adefovir 


4 


1.3 


rtM250V 


Entecavir 


1 


0.3 
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Table 2. Combined mutation patterns of the hepatitis B virus re- 
verse transcriptase (RT) gene 



Mutations 


Number 


Percentage 


rt180 204 


72 


49 3 


rtl81 236 


16 


11.0 


rtl 173 180 204 


14 


9.6 


rtl80 204 184 


9 


6.2 


rtl80 204 181 


8 


5.5 


it 180 204 184 202 

1 L1UU, i-\J^j lOl, L-\)L- 


4 


2.7 


1+204 237 


3 


2.1 


1+204 181 

1 Llut^i 1U1 


3 


2.1 


r+181 236 238 


3 


2.1 


it 173 204 


2 


1.4 


it 180 204 238 


2 


1.4 


1+204 184 


2 


1.4 


rtl73, 180, 204, 184, 202 


2 


1.4 


rtl73, 180, 204, 250 


1 


0.7 


rtl73, 204, 184 


1 


0.7 


rtl80, 204, 236 


1 


0.7 


rtl80, 204, 169, 184 


1 


0.7 


rtl80, 204, 237 


1 


0.7 


rtl80, 181 


1 


0.7 


Total 


146 


100.0 



bined mutations is shown in Table 2. Of the 146 cases, amino 
acid changes at rtl80+rt204 (49.3%) was most frequently de- 
tected, followed by rtl81+rt236 (11.0%) and rtl73+rtl80+ 
rt204 (9.6%). 

It is difficult to ascertain the clinical significance by mutation 
analysis only using genotype. Thus, we classified the mutation 
patterns according to the expected phenotypes associated with 
drug resistance (Table 3). Lamivudine resistance was most fre- 
quently detected (34.6%), followed by adefovir resistance 
(15.6%). Multidrug resistance was detected in 48 cases (15.9%). 
The type and duration of drug usage are shown in Table 3. 

2. Comparison of biochemical parameters according to 
mutation status of the hepatitis virus B reverse 
transcriptase gene 

To determine the clinical significance of HBV RT gene mutations, 
we compared the ALT, HBV DNA concentration, and HBeAg 
positive rates between mutation-positive and -negative groups. In 
the mutation-positive group, HBV DNA and HBeAg positive rates 
were significantly higher (P<0.05, Fig. 1). 
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Table 3. Summary of hepatitis B virus reverse transcriptase (RT) 
gene mutation patterns according to expected phenotypes 



Expected phenotype 
(resistance) 


Number 

(%) 


Mutated 
gene 


Drug histories 
(duration, month*) 


No resistance 


100 (33.2) 


No mutation 


LAM (N = 30, 45.6 + 30.6), 
ETV(N = 36, 18.5±10.1), 
ADV (N = 22, 34.5 ±13.8), 
TEL (N = 7, 21.4 ±12.0), 
Unknown (N = 5) 


LAM 


104 (34.6) 


rtl73,180,204 


LAM (N = 79, 52.1 ±29.4), 
ETV(N = 19, 28.7 ±16.4), 
ADV (N = 36, 22.3±12.1), 
TEL (N = 2, 10.0 ±1.4) 


LAM/ETVt 


28 (9.2) 


rtl69, 173,180, 
184, 202, 204 


LAM (N = 26, 27.7 ±14.4), 
ETV(N = 26,33.0±9.5), 
ADV (N = 6, 22.2 ±14.7) 


ADV 


47 (15.6) 


rtl81,236, 237, 
238 


LAM (N = 38,31.2±19.9), 
ADV (N = 47, 47.0 ±17.3) 


LAM/ADV f 


18 (6.0) 


rtl80, 181, 204, 
237, 238 


LAM (N = 12, 42.6 ±19.2), 
ETV(N = 2,17.5±13.4) 
ADV (N = 7, 36.3 ±19.7) 


LAM/ADV/ETV f 


2 (0.7) 


rtl73, 180, 181, 
184, 202, 204 


LAM (N = l,27), 
ETV(N = 2,36.5±21.9), 
ADV (N = l f 42) 


Insignificant 


2 (0.7) 


rtl80 alone 


LAM (N = 2, 20.5 ±17.7), 
ADV (N = l,52) 


Total 


301 (100.0) 







* Values of duration are presented as mean+SD unless the number of case 

is one; Multidrug resistant 15.9% (N=48). 

Abbreviations: LAM, lamivudine; ETV, entecavir; ADV, adefovir. 



P<0.05 




No mutation (N = 100) Mutation (N = 201) 

Mutation status 



Fig. 1. Comparison of biochemical parameters according to the 
mutation status of the hepatitis B virus reverse transcriptase gene. 
Abbreviations: HBV, hepatitis B virus; HBeAg Pos, hepatitis B e antigen 
positive. 
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P<0.05 




LAM LAM/ETV ADV LAM/ADV 
(N=103) (N = 25) (N = 47) (N=18) 

Drug Resistance pattern 



Fig. 2. Comparison of clinical parameters according to the drug re- 
sistance pattern of the hepatitis B virus reverse transcriptase gene 
mutation. 

Abbreviations: HBV, hepatitis B virus; HBeAg Pos, hepatitis B e antigen 
positive; LAM, lamivudine; ETV, entecavir; ADV, adefovir. 

3. Comparison of the clinical parameters of groups with 
rt204 mutations in the hepatitis virus B reverse 
transcriptase gene 

When the rtM204V and rtM204l mutation groups were com- 
pared, all 72 cases of rtM204V mutation had a simultaneous 
rtl_180M mutation, while in 79 cases of rtM204l mutation, 43 
cases (54.4%) had a simultaneous rtl_180M mutation, 33 cases 
(41.8%) had the rtM204l mutation alone, and the remaining 3 
cases (3.8%) showed a simultaneous rtV173L mutation. There 
was no statistical difference of HBeAg positive rates among 
rtM204V, rtL180M, and rtM204l mutant groups. There were no 
differences in ALT or HBV DNA levels among the different 
groups. 

4. Comparison of clinical parameters according to the drug 
resistance patterns of hepatitis virus B reverse 
transcriptase gene mutation 

In the drug phenotype analysis of mutation, the adefovir-resis- 
tant group showed significantly higher HBV DNA concentration 
than the lamivudine-resistant group (P<0.05, Fig. 2). The ade- 
fovir-resistant group showed higher HBeAg positive rates than 
the lamivudine-resistant group but the difference was not signif- 
icant (P=0.087). 

DISCUSSION 

Most HBV RT gene mutation analyses are individualized longi- 



tudinal studies carried out after the administration of antiviral 
agents. Important information on drug resistance mechanisms, 
such as time of appearance of resistance, and medication 
guidelines for resistant strains have been published and utilized 
for treatment. However, cross-sectional studies on mutation 
analysis in admitted patients are very rare. The results of cross- 
sectional studies might not be as easy to interpret as antimicro- 
bial resistant patterns in bacterial stains. Moreover, genotype to 
phenotype prediction was difficult owing to the multiple causes 
of antiviral drug resistance [13]. The therapeutic guidelines for 
chronic hepatitis B was established in 2004 and subsequently 
revised in 2007 and in 2011 in Korea [14]. The frequency of RT 
gene mutations was precipitated by antiviral treatment in Korea. 
In our study, as expected, the rtM204l/V and rtL180M muta- 
tions related to lamivudine resistance were the most frequent, 
followed by the rtA181V/T mutation associated with adefovir re- 
sistance. No mutation was noted in 33.2% of the cases. It was 
reported that the infection rates of mutant virus in antiviral treat- 
ment naive patients could be influenced by the mutant virus 
prevalence in the society [7, 8]. Where there is no available data 
for HBV mutation rates, the mutation rates in the chronic HBV 
patients visiting hospital might be utilized to postulate the infec- 
tion rates of mutant virus in antiviral treatment naive patients. 

In the analysis of mutation patterns according to the expected 
phenotype, multidrug resistance was detected in 15.9% cases. 
Notably, two cases showing resistance to lamivudine, adefovir, 
and entecavir were HBeAg positive and had high HBV DNA 
concentration. 

Comparing the mutant and wild type HBV RT groups, the 
mutant group had significantly higher HBV DNA and HBeAg 
positive rates. HBV DNA represents the amount of virus present 
in the blood, and can be used to monitor treatment [15, 16]. 
HBeAg has been also used to monitor the effectiveness of treat- 
ment [15, 17]. Taken together, both markers suggest that the 
virus is actively replicating and that the infection can be passed 
to others. Our results suggested that the mutated group had a 
higher likelihood of infecting healthy people. 

The cases with the rtM204l mutation had higher HBeAg posi- 
tive rates than the cases with rtM204V/rtL180M; however, this 
difference was statistically insignificant. The rtM204V/rtL180M 
mutations are associated with much lower resistance to lamivu- 
dine than rtM204l alone [18]. In our study, rtM204V was always 
accompanied by rtL180M. The rtM204l mutation occurs alone 
followed by rtL180M mutation to increase viral replication [18]. 
Ono et al. [19] reported that rtM204l mutation alone had lower 
replication competency than rtL180M/rtM204V, but clinically 
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there was no difference in ALT, HBV DNA levels, and HBeAg 
positivity [18], similar to our data. 

Although genotype to phenotype correlation was difficult, the 
adefovir-resistant group showed significantly higher HBeAg-pos- 
itive rates than the lamivudine-resistant group. Since adefovir is 
usually used to treat lamivudine-resistant cases [5, 14], these 
results were concordant with the clinical course of chronic hep- 
atitis B patients. Our data showed that HBV replication was 
more difficult to suppress in the adefovir-resistant group than in 
the lamivudine-resistant group. We also showed increased HBV 
DNA concentrations in the adefovir-resistant group. 

In conclusion, our results showed some correlation between 
RT gene mutation status and biochemical parameters. The mu- 
tated group showed significantly higher HBV DNA and HBeAg 
positive rates than the wild type group. The adefovir-resistant 
group showed significantly higher HBeAg positive rates than the 
lamivudine-resistant group. The results of RT gene mutations 
could be utilized to predict clinical status. 
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